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1. Introduction to Biodiesel

The material contained in this book is intended to provide the reader with information
about biodiesel in four basic areas:

1) Biodiesel and the liquid fuels industry
2) Biodiesel business start-up issues

3) Legal and regulatory issues

4) Operational concerns

Information about production of biodiesel and maintaining quality control are covered in
separate publications.

Biodiesel is an alternative fuel for diesel engines that is receiving great attention around
the world. Although it attracts the most attention because it is renewable, it can be used
either pure or in blends with diesel fuel in unmodified diesel engines, and it reduces some
exhaust pollutants.

What is biodiesel?

Biodiesel is defined as the mono-alkyl esters of fatty acids derived from vegetable oils or
animal fats. In simple terms, biodiesel is the product you get when a vegetable oil or
animal fat is chemically reacted with an alcohol to produce a new compound that is
known as a fatty acid alkyl ester. A catalyst such as sodium or potassium hydroxide is
required. Glycerol is produced as a byproduct. The approximate proportions of the
reaction are:

100 1bs of oil + 10 1bs of methanol — 100 Ibs of biodiesel + 10 1bs of glycerol

Soybean oil is the most popular feedstock in the United States. Soybeans are a major U.S.
crop and government subsidies may be available to make the fuel economically attractive
to consumers who need or want to use a nonpetroleum-based fuel. Biodiesel from
soybeans is sometimes called soydiesel, methyl soyate, or soy methyl esters (SME). In
Europe, most biodiesel is made from rapeseed oil and methanol and it is known as
rapeseed methyl esters (RME). The University of Idaho has done considerable work with
rapeseed esters using ethanol, which produces rapeseed ethyl esters (REE). [see
http://www.uidaho.edu/bae/biodiesel/]

Biodiesel can also be made from other feedstocks:
1. Other vegetable oils such as corn oil, canola (an edible variety of rapeseed) oil,
cottonseed oil, mustard oil, palm oil, etc.
2. Restaurant waste oils such as frying oils
3. Animal fats such as beef tallow or pork lard
4. Trap grease (from restaurant grease traps), float grease (from waste water
treatment plants), etc.



All vegetable oils and animal fats consist primarily of triglyceride molecules as shown
schematically in Figure 1-1.
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Figure 1-1. Triglyceride Molecule

In this figure, Rj, Ry, and Rj represent the hydrocarbon chains of the fatty acid elements
of the triglyceride. In their free form, the fatty acids have the configuration shown below.

O
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Figurel-2. Free Fatty Acid

In Figure 1-2, R is a hydrocarbon chain of greater than 10 carbon atoms.
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Figure 1-3. Transesterification Reaction to Make Biodiesel



Table 1-1. Composition of Various Oils and Fats.

Oil or fat 14:0 | 16:0 18:0 18:1 18:2 18:3 20:0 | 22:1
Soybean 6-10 2-5 20-30 | 50-60 | 5-11

Corn 1-2 8-12 2-5 19-49 | 34-62 | trace

Peanut 8-9 2-3 50-65 | 20-30

Olive 9-10 2-3 73-84 | 10-12 | trace

Cottonseed 0-2 20-25 | 1-2 23-35 | 40-50 | trace

Hi linoleic Safflower 5.9 1.5 8.8 83.8

Hi Oleic Safflower 4.8 1.4 74.1 19.7

Hi Oleic Rapeseed 4.3 1.3 59.9 21.1 13.2

Hi Erucic Rapeseed 3.0 0.8 13.1 14.1 9.7 7.4 | 50.7
Butter 7-10 |24-26 | 10-13 | 28-31 |1-2.5 |.2-5

Lard 1-2 28-30 | 12-18 | 40-50 | 7-13 0-1

Tallow 3-6 24-32 | 20-25 | 37-43 |2-3

Linseed Oil 4-7 2-4 25-40 | 35-40 | 25-60

Tung Oil 3-4 0-1 4-15 7590

Yellow Grease* 1.27 |17.44 |12.38 | 54.67 | 7.96 0.69 0.25 | 0.52

Peterson, C.L., “Vegetable Oil as a Diesel Fuel: Status and Research Priorities,” ASAE Transactions, V.
29, No. 5, Sep.-Oct. 1986, pp. 1413-1422.

Linstromberg, W.W., Organic Chemistry, Second Edition, D.C. Heath and Company, Lexington, Mass.,
1970.

* Typical analysis: listed in Tat, M.E. and J.H. Van Gerpen, “Fuel Property Effects on Biodiesel,” ASAE
Paper 036034, American Society of Agricultural Engineering Annual Meeting, Las Vegas, NV, July 27-30,
2003.

" The dominant fatty acid in tung oil is a conjugated isomer of linolenic acid called eleostearic acid. The
three double bonds in eleostearic acid are located at 9:10, 11:12, and 13:14 instead of at 9:10, 12:13 and
15:16 as in linolenic acid.

Transesterification is the process of reacting a triglyceride molecule with an excess of
alcohol in the presence of a catalyst (KOH, NaOH, NaOCN3, etc.) to produce glycerin
and fatty esters. The chemical reaction with methanol is shown schematically in Figure 3.
The mixture of fatty esters produced by this reaction is known as biodiesel.

The properties of the biodiesel fuel are determined by the amounts of each fatty acid used
to produce the esters. Fatty acids are designated by two numbers: the first number
denotes the total number of carbon atoms in the fatty acid and the second is the number
of double bonds. For example, 18:1 designates oleic acid, which has 18 carbon atoms and
one double bond. Table 1-1 shows the fatty acid compositions of a number of common
vegetable oils and animal fats. The names of the fatty acids given in Table 1-1 are as
follows:

14:0  Myristic Acid (tetradecanoic acid)

16:0 Palmitic Acid (hexadecanoic acid)

18:0  Stearic Acid (octadecanoic acid)

18:1 Oleic Acid

18:2  Linoleic Acid

18:3  Linolenic Acid




20:0  Arachidic Acid (eicosanoic acid)
22:1  Erucic Acid

How much biodiesel can be made?

Using the rough guideline that a pound of oil or fat will give a pound of biodiesel, we can
use the total production of fats and oils in the United States to estimate the impact of
biodiesel on total diesel consumption. Table 1-2 shows the annual production figures for
vegetable oils and animal fats.

Table 1-2. Total Annual Production of US Fats and Oils.
[from Pearl, G.G., “Animal Fat Potential for Bioenergy Use,” Bioenergy 2002, The Tenth Biennial
Bioenergy Conference, Boise, ID, Sept. 22-26, 2002.]

Vegetable Oil Production Animal Fats

(Billion pounds/yr) (Billion pounds/yr)
Soybean 18.340 Edible Tallow 1.625
Peanuts 0.220 Inedible tallow 3.859
Sunflower 1.000 Lard & Grease 1.306
Cottonseed 1.010 Yellow Grease 2.633
Corn 2.420 Poultry Fat 2.215
Others 0.669 Total Animal Fat 11.638

Total Veg. Oil 23.659
Table 1-3. Sales of On-highway Diesel Fuel
[data from Energy Information Administration, www.eia.doe.gov]

On-highway Diesel
(billion gallons/yr) (billion pounds/yr)

1996 26.96 191.1
1997 28.61 202.9
1998 30.15 213.8
1999 32.06 227.3
2000 33.13 234.9

As can be seen, in the United States, soybean oil dominates the vegetable oil market
comprising over 75% of the total vegetable oil volume. Animal fats total almost 50% of
the vegetable oil market. The combined vegetable oil and animal fat production totals
about 35.3 billion pounds per year. At about 7.6 pounds per gallon of oil, this production
would equal 4.64 billion gallons of biodiesel. It should be noted that this total actually
double counts some of the production since a portion of the vegetable oil production will
be recycled as yellow grease.

Table 1-3 provides the total consumption of on-highway diesel fuel from 1996 to 2000.


http://www.eia.doe.gov/

It is obvious that biodiesel is not going to completely replace petroleum-based diesel fuel
in the near future. Even with the unrealistic scenario that all of the vegetable oil and
animal fat were used to produce biodiesel, we could only replace about 15% of the
current demand for on-highway diesel fuel. So, why bother with biodiesel?

There are five primary reasons for encouraging the development of biodiesel in the
United States.

1.

It provides a market for excess production of vegetable oils and animal fats. There is
increasing demand around the world for soybean meal to provide the protein for
human and animal consumption. If new markets are not found for the soybean oil,
then the price will be low and farmers will have even more difficulty producing a
profit. The animal by-products industry also has a problem with more supply than the
current market can absorb. This is compounded by the potential for even greater
restrictions on the use of animal fats in animal feeds because of concerns about the
spread of BSE (Bovine Spongiform Encephalopathy - Mad Cow Disease).

It decreases the country's dependence on imported petroleum. Obviously, this reason
should not be overemphasized since the percentage of the country's fuel supply that
can be replaced with biodiesel will be small. However, petroleum markets tend to be
sensitive to small fluctuations in supply so an additional source of fuel can have a
surprising impact on keeping fuel prices stable.

Biodiesel is renewable and contributes less to global warming than fossil fuels due to
its closed carbon cycle. Because the primary feedstock for biodiesel is a biologically-
based oil or fat, which can be grown season after season, biodiesel is renewable. And,
since most of the carbon in the fuel was originally removed from the air by plants,
there is very little net increase in carbon dioxide levels. However, some fossil carbon
is contained in the methanol used to make methyl esters, and some fossil fuel is used
during the production process. A life cycle study on biodiesel use in an urban bus
conducted by the National Renewable Energy Laboratory [1] found that CO,
emissions were reduced by 79% for pure biodiesel compared with petroleum diesel
fuel. Again, this reason should not be overemphasized because biodiesel does not
have the potential to make a major impact on the total carbon dioxide production.

The exhaust emissions from biodiesel are lower than with regular diesel fuel.
Biodiesel provides substantial reductions in carbon monoxide, unburned
hydrocarbons, and particulate emissions from diesel engines. . While the carbon
monoxide and unburned hydrocarbons from diesels are already very low compared
with gasoline engines, biodiesel reduces them further. Particulate emissions,
especially the black soot portion, are greatly reduced with biodiesel. Unfortunately,
most emissions tests have shown a slight increase in oxides of nitrogen (NOx)
emissions with biodiesel. This increase in NOx can be eliminated with a small
adjustment to the engine's injection timing while still retaining a particulate decrease.



5. Biodiesel has excellent lubricating properties. Even when added to regular diesel fuel
in an amount equal to 1%-2%, it can convert fuel with poor lubricating properties,
such as modern ultra-low-sulfur diesel fuel, into an acceptable fuel.

These are the primary reasons for the growth in interest in biodiesel.

References

1. Sheehan, J., V. Camobreco, J. Duffield, M. Graboski, and H. Shapouri, Life Cycle
Inventory of Biodiesel and Petroleum Diesel for Use in an Urban Bus,” Report from the
National Renewable Energy Laboratory for the U.S. Dept. of Energy’s Office of Fuels
Development and for the U.S. Department of Agriculture’s Office of Energy, NREL/SR-
580-24089, May 1998.



2. Review of Diesel Fuel Properties and Characteristics

What is this stuff we want to replace?

Diesel fuel is derived from petroleum through a refining process. Figure 2-1 shows a
schematic diagram of the refining process from the petroleum extraction to the finished
product. As shown in the figure, petroleum is separated into fractions whose
distinguishing feature is their different boiling points. Table 4 shows the boiling point
ranges corresponding to the various commercial fuels.

As indicated in the table, kerosene, jet fuel (Jet A), and No. 1 diesel fuel are the same
fraction of petroleum. In most refineries, this fraction is straight run, that is, it is produced
directly from compounds that were present in the crude petroleum. In contrast, No. 2
diesel fuel may contain some straight run material but it also contains streams that are
byproducts of the refining processes that produce gasoline. No. 2 diesel was traditionally
used as a “dumping ground” for refinery streams that could not be economically
processed into higher value fuels.
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Figure 2-1. Schematic of Petroleum Refinery Processes



Table 2-1. Typical Refinery Products

Boiling Range Boiling Range
Product °C °F
LPG 40 - 0 -40 - 31
Gasoline 30 - 200 80 - 400
Kerosene, Jet Fuel, #1 Diesel 170 - 270 340 - 515
#2 Diesel, Furnace Oil 180 - 340 350 - 650
Lube Oils 340 - 540 650 - 1000
Residual Oil 340 - 650 650 - 1200
Asphalt 540 + 1000 +
Petroleum Coke Solid

From: Schmidt, G.K. and Forster, E.J., “Modern Refining for Today’s Fuels and Lubricants,” SAE Paper
861176, 1986.

ASTM Specifications for Diesel Fuel Oils (D 975-97)

Diesel fuel is characterized in the United States by the ASTM standard D 975. This
standard currently identifies five grades of diesel fuel as described below. New grades to
reflect the reduction in sulfur content required by the EPA in 2006 are under
consideration by the ASTM.

Grade No. 1-D and Low Sulfur 1-D: A light distillate fuel for applications requiring a
higher volatility fuel for rapidly fluctuating loads and speeds as in light trucks and buses.
The specification for this grade of diesel fuel overlaps with kerosene and jet fuel and all
three are commonly produced from the same base stock. One major use for No. 1-D
diesel fuel is to blend with No. 2-D during winter to provide improved cold flow
properties. Low sulfur fuel is required for on-highway use with sulfur level < 0.05%.

Grade No. 2-D and Low Sulfur 2-D: A middle distillate fuel for applications that do
not require a high volatility fuel. Typical applications are high-speed engines that operate

for sustained periods at high load. Low sulfur fuel is required for on-highway use with
sulfur level < 0.05%.

Grade No. 4-D: A heavy distillate fuel that is viscous and may require fuel heating for
proper atomization of the fuel. It is used primarily in low and medium speed engines.

ASTM D 975 specifies the property values shown in Table 2-2 for these grades of diesel
fuel. The surprising aspect about ASTM D 975 is how few requirements are actually
included. The standard says nothing about the composition of the fuel or its source. It
only defines some of the property values needed to provide acceptable engine operation
and safe storage and transportation. The essential characteristics of diesel fuels will be
described in the following paragraphs.



Table 2-2. Requirements for Diesel Fuel Oils (ASTM D 975-97)

Grade Grade Grade Grade Grade
Property LS #1 LS #2 No. 1-D No. 2-D No. 4-D
Flash point °C, min 38 52 38 52 55
Water and sediment,
% vol, max. 0.05 0.05 0.05 0.05 0.50
Distillation temp., °C, 90%
Min. -- 282 -- 282 --
Max. 288 338 288 338 --
Kinematic Viscosity,
mm?/s at 40°C
Min. 1.3 1.9 1.3 1.9 5.5
Max. 2.4 4.1 2.4 4.1 24.0
Ramsbottom carbon residue,
on 10%, %mass, max. 0.15 0.35 0.15 0.35 --
Ash, % mass, max. 0.01 0.01 0.01 0.01 0.10
Sulfur, % mass, max 0.05 0.05 0.50 0.50 2.00
Copper strip corrosion,
Max 3 hours at 50°C No. 3 No. 3 No. 3 No. 3 --
Cetane Number, min. 40 40 40 40 30

One of the following
Properties must be met:

(1) cetane index 40 40 -- --
(2) Aromaticity,
% vol, max 35 35 - -
Cloud point, °C, max. Determined by local climate

Should be 6°C higher than the tenth
percentile minimum ambient temperature

for the region. For lowa:

Month 10th % minimum temp

Oct -2°C
Nov -13
Dec -23
Jan -26
Feb -22
Mar -16

Cold Flow Properties

Operators of diesel equipment are well aware of the tendency of diesel fuel to gel or
solidify at low temperatures. Some of the long chain hydrocarbons in Number 2 diesel
fuel, known as waxes, will usually start to develop crystals at around —9.4° C (15° F). If
allowed to agglomerate, these crystals will grow large enough to plug fuel filters and fuel
lines. While anti-gelling additives can be used to disrupt the agglomeration process and
lower the allowable operating temperature of the fuel, the most common remedy is to



blend #1 and #2 diesel fuel together.

EDITORIALLY REVISED 1980

Figure 2-2. 10" Percentile Minimum Air Temperatures for January (ASTM D 975-
97)

Number 1 diesel fuel can generally operate below —40°C (-40° F) without crystallization.
So-called “winter

blends” of #1 and #2 are used in the northern United States to provide low temperature
operability. ASTM D 975 does not specify a specific value for the cold flow requirements
of diesel fuel. Instead, it suggests that one measure of cold flow, the cloud point, which is
described below, be no more than 6°C higher than the 10" percentile minimum ambient
temperature for the month the fuel will be used. The 10" percentile temperature
corresponds to the minimum temperature that would be reached no more than 3 days out
of 30 for the month. Figure 2-2 shows the values of 10" percentile temperatures during
the month of January. ASTM D 975 contains similar maps for other low temperature
months in the United States.

Biodiesel will generally start to gel at higher temperatures than #2 diesel fuel. Soybean
oil-based biodiesel will form crystals at about 0°C and biodiesel from saturated fats, such
as are commonly found in animal fats and greases, can form crystals at higher
temperatures. Low quality biodiesel produced with an incomplete reaction can behave in
a similar manner as the mono- and di-glycerides crystallize even at high temperatures.
Partially reacted monoglycerides containing saturated fatty acids have high melting
points and very low solubility in methyl esters. These compounds can fill fuel filters with
a creamy deposit. The user may think the fuel was made from a feedstock that provides a
high cloud point when in fact the problem is with the completeness of the reaction. There
are four primary measures of cold flow properties. These are described below.

10



1. Cloud Point - The cloud point is the temperature at which a cloud of wax crystals first
appears in a fuel sample that is cooled under conditions described by ASTM D 2500. The
cloud point is determined by visually inspecting for a haze in the normally clear fuel. The
apparatus used for this test (and the pour point) is shown in Figure 2-3.
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Figure 2-3. Cloud Point and Pour Point Apparatus

2. Pour Point - The pour point is the lowest temperature at which movement of the fuel
sample can be determined when the sample container is tilted. The apparatus used is the
same as for the Cloud Point and is shown in Figure 6. The sample must be cooled
following the procedure described in ASTM D 97. At every 3°C of cooling, the sample is
inspected and when no movement is detected after 5 seconds, the test is stopped. 3°C is
added to the temperature where no movement was observed and this is the pour point.
Pour points are always expressed in multiples of 3°C.

3. Low Temperature Flow Test (LTFT) - The LTFT is designed to evaluate whether a
fuel can be expected to pass through an engine fuel filtration system. The test determines

11



the lowest temperature at which 180 ml of fuel can be drawn through a 17um screen in
60 seconds or less with 20 kPa of vacuum. The procedure is defined in ASTM D 4539.

4. Cold Filter Plugging Point (CFPP) - The cold filter plugging point, as defined by
International Petroleum Standard IP-309 and ASTM D 6371-99, is similar to the LTFT
test. It determines the lowest temperature where 20 ml of fuel can be drawn through a 45
pum screen in 60 seconds with 200 mm of water (1.96 kPa) of vacuum. The apparatus is
shown in Figure 2-4.
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Figure 2-4. CFPP Apparatus

The cloud point is the highest temperature used for characterizing cold flow and the pour
point is the lowest. The LTFT and CFPP temperatures will usually be somewhere
between the cloud and pour points.

The pour point of a fluid can be lowered with additives. Most pour point depressants, also
known as cold flow improvers, work on similar principles. As the fuel sample is cooled,
small wax crystals form. The temperature at which this occurs is the cloud point. As the
sample is cooled further, the crystals agglomerate and grow in size until the entire sample

12



solidifies. Most pour point depressants do not alter the initial formation of the crystals
and thus they do not generally affect the cloud point. Rather, they inhibit the crystals
from combining and growing to a size large enough to plug filters. The additives are
generally waxes that are used in small amounts. They surround the small crystals and
provide a barrier to agglomeration.

Volatility

Distillation Curve - (ASTM D 86) The distillation curve is determined by relating the
fraction of a fuel sample that is removed by heating a fuel sample to progressively higher
temperatures. Typically, the curve is characterized by the initial point, the temperature at
which the first drop of liquid leaves the condenser, the temperatures at each 10% of the
liquid, and the end point. Since diesel fuel consists of hundreds of different compounds, a
distillation curve provides important information about the composition of the fuel.
However, biodiesel usually contains only 4 to 5 major compounds that all boil at about
the same temperature. In addition, the boiling temperature is so high at atmospheric
pressure that the biodiesel compounds usually decompose (crack) during the distillation
test. Distillation tests following ASTM D 86 are not appropriate for biodiesel. The ASTM
standard D 6751 specifies a distillation test although it recommends ASTM D 1160,
which is conducted under vacuum. While this test will allow the biodiesel to be distilled
without decomposing, the procedure specified in the technique for converting the
distillation curve back to atmospheric pressure is only valid for petroleum products and
should be used with caution for biodiesel.

Flash Point - (ASTM D 93) The flash point is the lowest temperature at which a
combustible mixture can be formed above the liquid fuel. It is dependent on both the lean
flammability limit of the fuel as well as the vapor pressure of the fuel constituents. The
flash point is determined by heating a sample of the fuel in a stirred container and passing
a flame over the surface of the liquid. If the temperature is at or above the flash point, the
vapor will ignite and an easily detectable flash can be observed. The flash need not
correspond to a sustained flame. The “fire point” is sometimes used to designate the fuel
temperature that will produce sufficient vapor to maintain a continuous flame.

Ignition Indices

One of the most important properties of a diesel fuel is its readiness to autoignite at the
temperatures and pressures present in the cylinder when the fuel is injected. The cetane
number is the standard measure of this property although it is difficult to measure
precisely and has been criticized in recent years for not accurately reflecting the
autoignition conditions in modern turbocharged engines, particularly with alternative
fuels. The cetane index is derived from correlation equations based on large numbers of
cetane number tests. It is intended to provide a rough estimate of the cetane number.
These quantities are described below.

Cetane Number - The cetane number is an engine-based test that follows ASTM
standard D613. It is based on a special engine produced by Waukesha Engine Company
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that is similar to the Octane Test Engine used for rating gasolines. The engine is a single
cylinder, indirect injection diesel engine. The engine speed is fixed at 900 rpm and while
the engine is naturally aspirated, the intake air temperature is held at 150°F. The test is
based on a careful adjustment of the fuel/air ratio and the compression ratio to produce a
standard ignition delay (the period between the start of fuel injection and the start of
combustion) of 13 degrees while operating on the test fuel.

Then the engine is switched to operate on a blend of two reference fuels. Different blends
are tested until a formulation is found that restores the ignition delay to 13 degrees. The
primary reference fuels are n-cetane (n-hexadecane), which has a cetane number of 100
and heptamethylnonane (HMN), which has a cetane number of 15. When the ignition
delay is restored to 13 degrees, the cetane number is computed from the following
relationship:

Cetane Number = % n-cetane + 0.15 (%9 HMN)

Since the price of the primary reference fuels is quite high, most commercial cetane
testing is done with secondary reference fuels that have been calibrated to known cetane
values. Phillips Petroleum supplies these secondary reference fuels.

Cetane Index - The cetane index is a calculated quantity that is intended to approximate
the cetane number. It is much cheaper to determine than the engine-based cetane number
but its accuracy is limited to the type of fuel on which it is based. It generally does not
provide an accurate indication of cetane number if the fuel contains cetane-improving
additives or for non-petroleum-based alternative fuels. Two methods are available for
computing the Cetane Index.

1. ASTM standard D 976 gives the following empirical equation for the Cetane Index:

Cetane Index = 454.74 - 1641.416 D + 774.74 D2 - 0.554 T5( + 97.803[log o(T50)]?

where D = fuel density at 15°C in g/ml.
and T5( = the temperature corresponding to the 50% point on the distillation

curve in degrees C.

2.ASTM D 4737 gives the Cetane Index according to the following four-variable

equation:

Cetane Index =45.2 + 0.0892(T1oN) + 0.131(T50N) + 0.0523(T9N)
+0.901B(T50N) - 0.420B(TgoN) + 4.9x10-4(T1(N)2
-4.9x10-4(TgoN)2 + 107B + 60 B2

where T{oN=Tjq-215
T50N =T;( - 260
TooN =Tgq - 310
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when Tq(, T5(, and Tg() are temperatures at 10%, 50%, and 90% volume
distilled in degrees C

and B = [exp(-3.5DN)] - 1

when DN = density at 150C (kg/liter) - 0.85

Example Calculation

The following data were obtained from a commercial fuel testing laboratory for a sample
of #2 diesel fuel.

API Gravity 34.1

Higher heating Value 19,461 Btu/lbm

Lower Heating Value 18,309 Btu/lbm

Ty0 4139F (212.00C)
Ts0 5020F (261.49C)
Tog 5920F (311.40C)

The cetane number was measured by ASTM D 613 on two occasions and the following
results were obtained:

March 8, 1994 47.8

April 15, 1994 45.7

Calculate and compare the calculated cetane indices using the two equations given above
with the measured values shown.

Preliminary calculations:
141.5

T API+131.5
p=0.8545(999.1g / ml) = 0.8537g / ml

=0.8545

ASTM D 976:
Cetane Index = 454.74 - 1641.416 (0.8537) + 774.74 (0.8537)2
- 0.554 (261.4) + 97.803 [log 0(261.4)]2
=44.8
ASTM D 4737:

DN = 0.8537 - 0.85 = 0.0037
B = exp(-3.5 x 0.0037) - 1 =-0.0129
Cetane Index =45.2 +0.0892 (-3.0) + 0.131 (1.4) + 0.0523 (1.4)

+0.901 (-0.0129) (1.4) - 0.42 (-0.0129) (1.4) + 4.9x10-4 (-3)2

-4.9x10°4 (1.4)2 + 107 (-0.0129) + 60 (-0.0129)2
=43.8
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Note that the two measured cetane numbers are 2.1 apart. ASTM D 613 states that the
repeatability of the measurement (in this cetane number range) is such that two
measurements taken on the same material by the same operator with the same equipment
at identical operating conditions will be within 0.7, 95% of the time. However, the
reproducibility, which is the difference between two measurements taken by different
operators in different laboratories may be as large as 2.6. Since the two cetane number
measurements in this case were taken one month apart, the reproducibility specification is
probably more applicable.

The calculated values of cetane index are about 2-3 numbers below the average of the
two measured cetane numbers. ASTM D 976 says that the first equation will be within
+/- 2 cetane numbers for 75% of typical distillate fuels. No precision estimates are given
for D 4737, the four variable equation. Both cetane index equations are based on data
from petroleum-based fuels and should not be used for biodiesel.

Cetane improvers - Cetane improvers are fuel additives that are designed to readily
decompose to give precursors to combustion and thus enhance the rate at which auto-
ignition occurs in a diesel engine. Typical compounds used are alkyl nitrates, ether
nitrates, dinitrates of polyethylene glycols, and certain peroxides. Due to low cost and
ease of handling, alkyl nitrates such as 2-ethylhexylnitrate (EHN) are the most widely
used cetane improvers.

Density

Specific gravity - The density of petroleum products is usually expressed as a specific
gravity. The specific gravity is defined as the ratio of the mass of a volume of the fuel to
the mass of the same volume of water. It is dependent on the temperature of both the fuel
and the water. It will commonly be expressed as “sp gr @ 60°F/60°F” which means that
both the fuel and water were at 60°F. No. 1 diesel fuel will typically have a specific
gravity of 0.81 and No. 2 diesel fuel will be around 0.840 to 0.855. Most biodiesel is
between 0.87 and 0.88.

API - The API gravity is a widely used measure of a fuel's density. It is related to the
specific gravity of the fuel by the following equation:

API = 141.5/[sp gr @ 60°F/60°F] - 131.5
Viscosity

Viscosity is a measure of a fluid’s resistance to flow. The greater the viscosity, the less
readily the liquid flows. The viscosity of petroleum oils is a strong function of
temperature with the viscosity decreasing as the temperature increases. ASTM D445 is a
standard test procedure for determining the kinematic viscosity of liquids. It provides a
measure of the time required for a volume of liquid to flow under gravity through a
calibrated glass capillary tube. The kinematic viscosity is then equal to the product of this
time and a calibration constant for the tube. The dynamic viscosity can be obtained by
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multiplying the kinematic viscosity by the density of the fluid. Biodiesel is more viscous
than No. 2 diesel fuel but only by a small amount. Depending on feedstock and amount of
oxidation, biodiesel viscosity will vary between 4.0 and 6.2, while No. 2 diesel fuels tend
to fall in the a narrower range of 2.4 to 2.6.

Fuel Stability

A fuel is considered unstable when it undergoes chemical changes that produce
undesirable consequences such as deposits, acidity, or a bad smell. There are three
different types of stability commonly described in the technical literature.

1. Thermal stability addresses fuel changes that occur due to elevated temperature. These
changes may occur at conditions encountered in modern fuel injection systems as fuel is
recirculated through the engine head and back to the fuel tank.

2. Oxidative stability refers to the tendency of fuels to react with oxygen at temperatures
near ambient. These reactions are much slower than those that would occur at combustion
temperatures, and they produce varnish deposits and sediments.

3. Storage stability is also a frequently used term and refers to the stability of the fuel
while it is in long-term storage. These terms are not necessarily exclusive terms. For
example, oxidative attack is probably one of the primary concerns of storage stability but
storage stability might also involve issues of water contamination and microbial growth.

Heating Value, Net and Gross

There are actually two heating values in common use, the higher, or gross, heating value
and the lower, or net, heating value. Both quantities are determined using a calorimeter
where the heat transfer from the hot combustion gases is measured as the gases are
cooled to the initial temperature of the reactants. The higher heating value assumes that
all of the water in the products is condensed liquid while the lower assumes all of the
water is present as vapor, even though the product temperature may be below the dew
point temperature. The lower heating value is the most common value used for engine
applications. It is used as an indicator of the energy content of the fuel. In general, the
higher the heating value of the fuel, the less fuel that will be required to do a given
amount of work. Biodiesel generally has a lower heating value that is 12% less than No. 2
diesel fuel on a weight basis (16,000 Btu/Ib compared with 18,300 Btu/Ib). Since the
biodiesel has a higher density, the lower heating value is only 8% less on a volume basis
(118,170 Btu/gallon for biodiesel compared with 129,050 Btu/gallon for No. 2 diesel
fuel).

Biological Attack

Certain types of bacteria and fungi can grow in diesel fuel storage tanks. These
microorganisms can be either aerobic or anaerobic but typically require some water to be
present. The organisms generally grow at the interface between the fuel and water. They
can plug fuel filters and increase the acidity of the fuel, causing corrosion. Although very
limited test data are available, biodiesel is also expected to be prone to the growth of
microorganisms. The preferred method to control growth of microbes in fuel is to
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eliminate the conditions that allow their growth. Usually this means removing water from
the fuel. Treatment of the fuel with a chemical biocide can eliminate microorganism
growth, but it will also affect the toxicity and biodegradability of the fuel.

Lubricity
Lubricity can be defined as: “The property of a lubricant that causes a difference in

friction under conditions of boundary lubrication when all the known factors except the
lubricant itself are the same. The lower the friction, the higher the lubricity.” [Kajdas, C.,
S.S.K. Harvey, and E. Wilusz, Encyclopedia of Tribology, Elsevier, New York, 1990.]

Lubricity is actually a very difficult property to characterize. In spite of the definition's
attempt to separate the lubricity as a fluid property, it is also strongly dependent on the
method used to measure it and on the characteristics of the solid surfaces being
lubricated. For example, as friction occurs, small particles of the solid material may be
removed and entrained in the lubricant. In some applications, these particles will be
swept away by a flow of lubricant while in others, the particles stay in the vicinity of the
surface contact. Particles that are present in the area of surface contact may act very
differently. In some cases, they may act as an abrasive to increase wear while in other
cases, the particles may shield the surface from further wear. When trying to characterize
lubricity, it is important to use a measurement technique that correlates well with the
actual lubrication situation. In the case of diesel fuel, the fuel acts as a lubricant for the
finely fitting parts in the diesel fuel injection system. While all diesel fuel injection
systems depend on the fuel to act as a lubricant, rotary pump style injection systems seem
to be the most sensitive to fuel lubricity.

The need for diesel fuel lubricity has been recognized for many years. Most early concern
focused on the use of No.1 diesel fuel in place of No.2 diesel fuel under cold weather
conditions. Higher wear rates with No.1 diesel fuel would be aggravated by No.1 diesel
fuel's lower viscosity. However, when the U.S. Environmental Protection Agency
mandated that the sulfur content of on-highway diesel fuel be lowered from 5000 ppm to
500 ppm in 1993, fuel lubricity captured national attention. There is still disagreement
about what specific fuel changes are caused by the sulfur reduction that result in lubricity
reduction. Some have suggested that sulfur compounds themselves provide lubricity,
others have suggested that nitrogen compounds or naphthenic hydrocarbons are
responsible. In any case, there is general agreement that the severe hydrotreating process
used by petroleum refineries to remove sulfur results in lower fuel lubricity. Recent EPA
regulations will lower the sulfur content of diesel fuel to 15 ppm by 2006. This change is
expected to worsen fuel lubricity. The addition of small amounts of biodiesel (0.25% to
2%) to diesel fuel has a dramatic effect on the lubricity of that fuel. Pure biodiesel and
high level blends have excellent lubricity.

There are two methods that are commonly used to measure lubricity: the Scuffing Load
Ball On Cylinder Lubricity Evaluator (SLBOCLE - ASTM D 6078-99) and the High
Frequency Reciprocating Rig (HFRR - ASTM D 6079-99). The apparatus used for the
SLBOCLE test is shown in Figure 2-5. This test involves placing a steel ball bearing
against a rotating steel ring whose lower edge is immersed in the test fluid. Weight is
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gradually applied to the ball until a “scuff” mark is seen on the rotating ring. The
tangential force is also measured and the point of scuffing is indicated by a large increase
in the friction coefficient. The EMA has indicated that a weight of 3150 grams is
representative of an acceptable lubricity level. The higher this number, the better the fuel
lubricity.
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Figure 2-5. Scuffing Load Ball On Cylinder Lubricity Evaluator (SLBOCLE -
ASTM D 6078-99)
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Figure 2-6. High Frequency Reciprocating Rig (HFRR - ASTM D 6079-99)

The HFRR test also uses a steel ball but in this case the ball is held against a stationary
disk and the ball is reciprocated back and forth across the disk with a frequency of 50
hertz. This apparatus is shown in Figure 2-6. The applied load is 200g and the test
duration is 75 minutes. The wear scar produced on the disk is measured and a

scar diameter of less than 450 micron is considered to be acceptable.

Measurements of Lubricity

Schumacher and Adams [10™ Biennial Bioenergy Conference — Bioenergy 2002, Boise,
Idaho, Sept. 22-26, 2002] have measured the effect of low-level blends of soybean-based
biodiesel on biodiesel that has been produced to meet 15 ppm sulfur levels. Figure 2-7
shows SLBOCLE results for No. 2 diesel fuel with small amounts of biodiesel. As little
as 1% biodiesel could change the diesel fuel from an unacceptable level to an acceptable
level.

20



6000 5450
5000+
4000 3400 3500
2600
3000 2100
2000+
1000
0,
Diesel 2004 1/12% 1% 2% 100%
Tier 2 Biodiesel | Biodiesel | Biodiesel | Biodiesel
‘Grams 2100 2600 3400 3500 5450

Figure 2-7. SLBOCLE for #2 Diesel 2004 Tier 2 Fuel, Biodiesel, and Biodiesel
Blends

Figure 2-8 shows the same effect for No. 1 diesel fuel that has also been treated to lower
the sulfur content to less than 15 ppm. In this case, the lubricity of the original No. 1
diesel fuel was so low that even 2% biodiesel was not able to bring the lubricity back up
to the acceptable level of 3150 grams. However, the lubricity was greatly improved and it
is unlikely that the engine would suffer damage from short term use at a lubricity level of
2880 grams.
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Figure 2-8. SLBOCLE for #1 Diesel Fuel, Biodiesel, and Biodiesel Blends
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3. Introduction to the Liquid Fuels Production, Marketing, and
Regulatory System

Introduction

Biodiesel producers and users are inextricably tied to the petroleum industry. Biodiesel
fuel is mixed with petroleum derived “petro”-diesel, marketed through the conventional
petroleum marketing system, and used in engines designed to operate on petro-diesel.
The biodiesel blends, whether B2 to B5 (2 % to 5% biodiesel in 98% to 95% petro-
diesel), B20 or B100, are subject to the same engine performance and emissions
expectations as petro-diesel. The fact that the original compression ignition (diesel)
engines were designed to operate on peanut oil is historically interesting, but the reality
of today’s liquid fuel business is that as biodiesel producers, we are competing in a
petroleum dominated market.

The instructional goals for this module are:

1. Describe five essential characteristics of the liquid fuels industry and discuss how
they came to be;

2. Describe the production and marketing pathway followed by petro-diesel and
contrast it with the production of biodiesel;

3. Describe the performance factors and regulations that drive the quality and use of
diesel fuels; and,

4. Examine briefly diesel fuel markets and how biodiesel fits into these markets.

Origins of the Petroleum Liquid Fuels Industry

The liquid fuels industry has its roots in the production of light for households, industry,
and towns. Lamps that used animal fats, vegetable oils, and rarely, crude petroleum as
fuels have a history more than 5,000 years old. The lamps provided poor light and were
smoky, but were better than torches and less expensive than candles for common use.

Petroleum has an equally long history of use by humans, but more for medicinal
properties, as a lubricant, a sealant for ships, and some use as a fuel for torches and other
applications. The oil was derived from natural seeps that occur in many parts of the
world.

The first true liquid fuels industry was the recovery of sperm whale oil that began in the
1700’s. The industry flourished, particularly in the United States. However, by about
1850, the population of sperm whales had declined significantly and the whaling trade
was becoming less profitable. With increasingly urban, industrial age populations, a new
source of liquid fuel was needed.
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With the decline in availability of whale oil, there was a search for new sources of
lighting fuels. About this same time, chemists in Galacia developed a method for refining
the crude petroleum from the seepage springs into a clear liquid that burned with a bright,
non-smoky flame. This fraction was called “kerosene” and the race for oil was on.

In August 1859, Edwin Drake completed the first oil well in Western Pennsylvania. The
result was a chaotic rush to drill, refine, and market this new lighting fuel that quickly
spread throughout the world.

The rush for oil was largely dominated by Americans, with the British, Russians, and
Romanians as significant players. However, one man, John D. Rockefeller, gathered

enough power to create the defining characteristics of the industry that continue until
today. These characteristics are an industry that is:

1. Vertically integrated

2. Capital intensive

3. Competitive/collaborative
4. Standards driven

5. Multinational.

Each of these attributes are discussed further below.
Industry Characteristics - Vertically Integrated

The oil boom came shortly after the Gold Rush and had many similarities to it. With
each new strike, hundreds of seekers drilled as many holes as they could, as fast as they
could. As much oil was spilled as was produced, refined, and shipped. The new fields
often played out very quickly because there was no understanding of how the oil was
situated underground or how to most effectively recover it. The most important persons
in the Oil Patch were the “wildcatters” who found techniques to identify promising
locations for drilling.

At the same time, the refining techniques were not much more advanced than the
distillation of moonshine whiskey. In fact, some stills were pressed into service to
recover kerosene. A kerosene product that had not been refined enough contained too
much of the more flammable fraction, gasoline, and too often exploded in the lamps of
the unknowing customers.

At first, the kerosene product was transported in modified water wagons and marketed
door-to-door. As the industry grew, there was a growing partnership with the railroads
that defined Big Business in the late 1800’s and early 1900’s. One outcome of this
alliance was the Sherman Anti-Trust Act of 1890. An additional innovation for transport
was the use of pipelines to move crude oil from the oil field to larger, more sophisticated
refineries some distance away.
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John D. Rockefeller created and dominated the petroleum industry. His influence
continues today. He was first a marketer, with the promise that Standard Oil products will
have a high, consistent quality for the consumer. This meant improvements in refining
techniques and control of the refining operations. Higher quality refining meant that the
refineries were more expensive, so they were consolidated, requiring a system for
transporting crude oil to the refinery, and refined product to the consumer.

In order to minimize the price and availability boom-bust pattern, control of production
sites and control of the amount of crude produced was necessary. Thus, Standard Oil was
one of the first, and definitely the largest fully vertically integrated company in history.

American oil interests were not alone in the world. The British were still an empire, and
they actively pursued integrated production, refining and marketing concessions
throughout the world. In this era Shell Oil, Royal Dutch Oil, and several national oil
companies were begun.

With the advent of the electric light and centralized power production, coincident with
the invention of spark ignition and compression ignition engines, petroleum entered the
transportation fuel business. A key figure in establishing this shift was a little-known
Secretary of the Admiralty (British) by the name of Winston Churchill. He insisted that
the British Navy be petroleum powered, instead of coal powered. World War I affirmed
his decision.

Industry Characteristics - Capital Intensive

Locating new oil fields has become a highly technical science, but the odds of success in
a new area are still small. Even drilling in a known field is expensive. Increasingly, new
fields are remote, deep, and either wet, cold, or both.

Pipeline systems have been built throughout the world to move oil from the source to the
refinery, or to oil tankers for further transport. Building, maintaining, and, occasionally,
defending these transport systems is the most expensive single business in the world.

Refining has transformed into refining and petrochemical processing. World class
refineries in the capacity range of 200,000 barrels to more than 500,000 barrels per
operating day represent capital investments in the billions of U.S. dollars at a single site.

With the rise of the petrochemical complex, the refiners can sell a fraction of their
product within the organic chemicals market at very reasonable profit margins, and
recover the cost of the raw material from fuel sales. This is one factor in the large
variations in fuel price with changes in oil availability or the spot price of a barrel of oil.
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Industry Characteristics - Competitive/Collaborative

At first, anyone with a drill, a still, and enough resources to open a well could become an
independent producer. As the industry became more sophisticated, and as Standard Oil
grew, the smaller independents were pushed out of refining and distribution. There are
still a number of independent “wildcatter” operations seeking new oil fields, but the cost
of leases to explore are prohibitive. The most recent rounds of large corporation
consolidations have nearly re-created organizations similar to the original Standard Oil.

The large companies’ goal has long been stability in terms of market share, quantity, and
price. In the early years, the drive for stability lead to a number of agreements dividing
the world into market regions, and in more recent years into production regions.

In the early days, the small companies’ goal was quick profits. Many of the smaller, but
successful, companies merged to create names like Texaco, Sinclair, Conoco, and
Phillips that have persisted until recently.

The costs of developing and maintaining large production operations overseas lead to a
number of collaborations among the larger companies to fund the exploration and
development of the fields, the transport infrastructure, and to deal with different and
occasionally unstable governments.

The costs of developing the scientific foundation for the refining and, later, the
petrochemical business lead to a unique collaboration. The American Petroleum Institute
was founded by the large oil companies. The Institute was, and is, used as a forum to
represent the industry, but also as a way of combining resources to discover basic
chemical and physical properties and principles that form the foundation for the
petrochemical industry worldwide.

The smaller oil companies, specifically in Texas, created another collaboration with long
lasting significance. The small companies were developing the rich Texas oil fields in a
manner that was destructive for all concerned. The producers united and asked the State
of Texas to step in and manage the allocation of production of oil in a manner that was
equitable and would minimize the boom/bust trends.

The result was the Texas Railroad Commission that continues to function today. The
impact of the Commission is felt at the international level, as it was the model for the
creation of the Organization of Petroleum Exporting Countries (OPEC) that now
represents multi-national interests in petroleum production.

Industry Characteristics - Standards Driven
The twin concepts of using quality as the basis for marketing and verifiable standards as a

measure of quality largely began with the petroleum industry. The technical orientation
of the industry from its early days allowed the industry to respond fairly easily when the

25



market shifted from kerosene for lighting to gasoline, diesel, and fuel oil for
transportation. The use of specifications based on properties of the fuels that were tied to
engine specifications made it possible to use chemical property predictions to predict
engine performance.

In 1934, the API began Project 44, a complete characterization of the physical and
chemical properties of all the compounds in a “standard” barrel of oil. The project
continues today, but the results are the foundation of modern physical-organic chemistry.

The need for standardized, repeatable testing methods for the petroleum industry was
responsible, in part, for the establishment of the American Society for Testing Materials,
ASTM. Today, ASTM continues in its role as a forum for interested parties to establish
specifications for the properties and performance of a wide range of materials. An
additional function of ASTM is to establish and validate methods to measure the
properties used in the standards.

The current trends towards placing emissions and health standards on fuels and engine
emissions is a logical result of the standards-driven liquid fuels industry.

Industry Characteristics - Multinational

The initial efforts to develop markets in the Far East led to competition along colonial
lines, but with U.S. companies and expertise as key participants. For some companies,
going international was a way to expand market-share and profits without disturbing the
stability of the market within the U.S. For the British, expansion around the world was
necessary to provide a secure supply of fuel oil for the British Navy.

As the international markets developed, and competitors such as Russia, Romania,
Mexico, and later the Middle East became producers, the issue was balancing of supply
and demand. There were a number of meetings among the industry leaders that
established market territories and in the Middle East, national boundaries.

The formation of OPEC, in a way, completed the circle of supply balancing attempts by
using the Texas Railroad Commission model to structure their collaboration as producers.
At first OPEC was not particularly effective, but the Oil Embargo of 1973 restructured
the international economy, as well as the international petroleum industry.

Production and Marketing of Petroleum Products

The path of production of all petroleum-derived liquid fuels is essentially the same. First,
there is a phase of exploration to find new fields where oil (or natural gas) can be
recovered. The resource is accessed through drilling into the formation where it is

trapped, and the resource is produced.

In the early life of an oil or gas field, the naturally occurring pressure in the formation
pushes the fluid into and up the well bore. Oil is pumped, in part to control the flow rate
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to the surface. As a field ages, the pressure drops and the recovery rate slows. Some
stripper wells may only produce a few barrels per day. There are a number of formations
where secondary means of recovery, such as water flooding are used to recover additional
oil. There is no risk in finding the wells, but the recovery operation is not always as
effective as it might have been.

Refining and petrochemical complexes vary from small refiners with low capacity and
few products, to massive complexes. In some areas, such as the Texas Gulf Coast, the
chemical complexes are interconnected, sharing products and raw materials to make
fuels, polymers, and basic chemicals for a wide range of end uses.

For those of us involved in biodiesel, the interface with the liquid fuel industry is at the
level of the fuel distributor. Bulk fuel product can be transported to the distribution
terminal by pipeline, boat, of truck. It is at the terminal the biodiesel blends are most
commonly created for sale.

Fuel distributors commonly operate under a franchise with the petroleum company. Their
business is to provide fuel to company stations, to fleet purchasers, and to customers on
the spot market. Some of the large truck stop chains have their own distributor network,
but usually in collaboration with a specific refiner.

It is most typical that the biodiesel producer will deliver their product as B100 to the
distribution terminal. At the terminal, the biodiesel is added on top of the petro-diesel
fuel. Commonly this will be in the tanker used to move the fuel to market. The two fuels
will mix due to the motion in the tanker. The biodiesel is slightly heavier than petro-
diesel, which is why it is added to the top of the tank.

The Refiner’s View of Diesel Fuel

In the refinery, the different products from the sequence of distillation towers at the
beginning of the operation are referred to as “cuts”. The lightest cut is a mixture of
hydrocarbon gases such as methane, ethane and propane. Butane is an intermediate cut
that can be sold as a fuel, converted into other chemical products, or added to gasoline in
winter. The gasoline and kerosene cuts are next in order. Diesel is a cut below kerosene
and above the valuable gas oil cut. The gas oil cut can be reformed into gasoline,
increasing the total production.

Sulfur is a poison to the catalysts used to control harmful emissions from internal
combustion engines. Crude oil with high sulfur content can be treated to remove the
sulfur, but in many cases the sulfur compounds will naturally distill out in the diesel cut.
Until recently, there have been minimal restrictions on the sulfur content in diesel fuel.
However, the market for diesel fuel is extremely large, and mostly for heavy-duty truck
engines. The emissions from these engines have been increasingly identified as sources
of air pollution and possible health risks. New regulations of emissions from diesel
engines are key factors in creating a market niche for biodiesel.
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Factors Creating the Market for Biodiesel

Increasingly stringent enforcement of the Clean Air Act has led to requirements of
lowered sulfur content and fewer particulate emissions from diesel fuel. There are more
questions regarding the long-term health effects of exposure to diesel particulates.
Particularly in Air Quality Non-attainment areas, there are questions of how to meet these
more stringent requirements. Biodiesel blends add lubricity to low-sulfur diesel fuels, and
significantly reduce particulate emissions.

Diesel Fuel Marketing

The dominant market for diesel fuel is over-road trucking. The fuel supply system for the
trucking industry is predominantly through company-serviced truck stops. The same
jobber that delivers gasoline to the truck stop will likely also deliver diesel fuel. Unless
the petroleum company and the local jobber approve of the blending and sale of biodiesel
blends at their facilities, there will be no biodiesel sales.

The task of the biodiesel producer is to deliver clean, on-specification B100 to the
distributor. Strategies to ensure the delivery of top quality biodiesel to the blender
include:

Clean, dry transport tanks;

Clean, dry storage tanks;

Making and certifying the specified blend levels;

Minimizing storage time before transport and sales; and,
Requiring high quality petro-diesel blend stock (ASTM D 975).

Summary

The liquid fuels industry and the production of biodiesel share the attribute of standards-
driven quality control for the fuels. However, biodiesel producers tend to be somewhat
regionally focused with respect to feedstock and markets and most at this time are
product specific; they make biodiesel and glycerol. Biodiesel capital investments are
lower by far, but the typical capacities are also lower. Biodiesel has the opportunity to
become a collaborator with the general implementation of low-sulfur diesel standards
requiring effective lubricity additives.
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4. Business Plan Development

Many individuals considering entering the biodiesel field are looking to start new
businesses. A necessary first step for all new businesses, especially if external funding is
sought, is the development of a business plan. While much of the material in the
following chapter will be well-known to individuals already engage in successful
businesses, we have worked to give special attention to those aspects that relate
specifically to biodiesel companies.

Why Write a Business Plan?

It is extremely important to the success of your operation that you, the owner/CEQO, write
the business plan. Often times the process of writing a business plan is more beneficial
than the plan itself. It is also a living document that changes as the company evolves.

Parts of a Business Plan

The business plan should consist of eleven separate sections, each one beginning on a
new page.

Product of Services

. Manufacturing Plan
10. Financial Data

11. Supporting Documents

1. Business Request Page
2. Table of Contents

3. Executive Summary

4. Business Description
5. Management

6. Market Analysis

7. Marketing Plan

8.

9

A business plan may be a document written to persuade a lender or lenders to provide
capital for your venture. A business plan is an essential management tool for your
business. It may serve as the implementation plan for a strategic plan. The business plan
outline in this handout applies to an entrepreneur or a businessperson seeking money for
a new business startup or a business expansion.

Ten Key Points to Remember When Writing a Business Plan
1. Be honest. Do not be overly optimistic or try to hide limitations or weaknesses.

2. Write in easy to understand terms. Avoid jargon and terms that are unfamiliar to
people outside of your industry.
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3. Describe your company's image. You need to convince the reader you understand all
aspects of the business.

4. Provide the reader with an understanding of your business and how you will use the
loan.

5. Evaluate the company's management team. This is a major focus of the plan. Point out
the strengths and weakness and how you are going to address these weaknesses.

6. Answer these three strategic planning questions:

e  Where are we now?
e  Where do we want to be?
e How do we get there?

7. Quantify your market, sales, production, and cost data. Do not generalize. Be specific.
Use data to help tell the story.

8. Begin each major section on a new page with the appropriate title (for example,
Marketing Plan).

9. The actual content of the business plan will vary depending on the nature and
complexity of the business, the stage of development, and the type of financing needed.

10. The business plan may be used as a sales document. The content and quality of the
plan should be representative of your company.

Business Request Page

When writing up the Business Request Page you should include your business description
with general information such as your company name, address and contact information. If
you are requesting financing include the requested dollar amount.

Other information you should include is the terms and predicted timeline should include
month and year the loan is required; the purpose of the loan should be specific. Also
include how money will be spent, the type of collateral, dollar amount, and type of equity
you are proposing. As owner how much cash will you invest, or what type of assets will
you contribute? Finally list the contact person at the firm who is responsible for the
proposed business plan.

Executive Summary
The executive summary should contain a brief synopsis of the business plan

development. It gives the readers an overall summation of the company and highlights
the main points of the business plan.
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The Business description should contain the following information:
— Name
— Starting date
— Location
— Biodiesel Plant description (type of process, type of feedstock, type of glycerol
processing—~80% raw, 95% technical grade, or 99.7% kosher grade)
— Significant company history
— Business goals
— Type of company (Corporation, LLC....)

Make sure to include name, address, plant or store description and brief history.

The main points include the following categories and will be explained in more detail
later:

e Management expertise: Discuss the key persons involved in the business and
summary of relevant expertise or past business.

e Market analysis and strategy: Who are the customers? Where are they located?
What market niche will you serve? Who is your competition? What is the market
(sales) potential? How will you sell or market your products?

e Targeted market and demand: Discuss the main targeted markets you are going to
try and capture and the demand in those markets.

e Product/Services: Give a description of the product or service. What differentiates
your product from existing products? What features of your product will give you
a competitive edge in the marketplace? What is the product's current state of
development: do you need further R&D; do you have blueprints but no
prototypes; is a prototype built and ready for production? What type of protection
do you need: patents, trademark or copyright?

e Description and stage of development: What is your current stage of
development? Describe each stage and the projected time frame to achieve each
stage of development.

e Manufacturing Plan: What are the materials, supplies, and equipment you will
need to manufacture your product? How are you going to accomplish this and
what steps must you follow? How does this relate to the biodiesel process you are
going to use and its related feedstock?

e Financial Information: Financial Information should be included if the business

plan is for the purpose of borrowing money. Describe what the sources of funds
are and give a breakdown of the amount each source is supplying. Give an
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explanation of why the money is needed and how it will be used. Finally, show
your proposed repayment plan for these funds along with a break-even summary.

In the case of a turnaround situation for a company, describe the steps you will be taking
to accomplish this task. It is important in the case of a turnaround situation that goals are
set for evaluating the success in making the transition and turning the company financials
into the positive.

Business Description

The business description illustrates the current status of the business and the future
direction of the business by providing information on the demographics of your
company. The business description should include basics such as name, type of business
(partnership, etc), and go on to finer details that identify your unique competitive
advantage. We will go through the business description section by section.

Company history: Company history describes the company’s development, or
information about how your idea developed.

Discussion of the biodiesel industry: Discuss the biodiesel industry and provide any
information that may be relevant to your business.

Legal structure: The organization of the business should take into account the legal and
tax ramifications.

Employment: Determine the number of employees needed to meet staffing needs and
consider employees’ age distribution. Briefly discuss employees’ qualifications to do the
work based on training, education and/or experience.

Mission statement: A business mission statement should include the company’s
philosophy and values on serving their customers for current and future products
provided by the business.

Business goals: Discuss where the company is today (current status), and where it wants
to be (company goals) in the future. State goals quantitatively. Analyze your company in
terms of strengths, weaknesses, opportunities, and threats (SWOT).

Specific line of products/services: When describing the specific line of products/services,
it is important to keep in mind who your customers are and how the products/services
being offered affect their needs and wants. Channels of distribution, seasons of operation,
and even hours of operation will affect your customers.
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Management Skills

Here are six skills or traits that one should look for in their management:
1. Ability to identify and develop business strategies

Ability to organize and maximize efficiency

Able to coordinate all activities

Ability to understand and adjust business plan

Ability to delegate

Ability to control and supervise the business

AT

The most critical part of a business plan is the management section. The management of a
business faces many diverse circumstances and dynamitic challenges on a daily basis.
The management team of your business must be able to stay on top of the changing
markets and adapt to these changes while running the business in an efficient manner. It
is key that the management team works as a team to delegate tasks, remain in control, and
plan for the future of the business while meeting the demands of today.

Hence, it is the management of a business that provides the business with the ability to
implement the plan from paper to reality. . Therefore, in this section, be honest, but do
not be modest or boastful.

Let’s look specific points to cover in the Management section of your business plan.
Management

The first five areas that should be addressed in the management section are:

* Key personnel

®* Management team

* Reporting relationships
* Directors/Advisors

* Staffing plan

Key personnel: List the key management personnel and their duties and responsibilities.
Resumes should be included in the supporting documents to show management has
experience and skills needed to manage the company. Emphasize past successes and
current roles in the business

Management team: Explain how diversities and similarities (in education, training,
experience, etc.) among the key personnel will make a management team that will lead

the business to success.

Reporting relationships: Define responsibilities of the officers. Also define the reporting
relationships. Organizational charts give a clear picture of the company’s management
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structure and who is responsible for what divisions and/or tasks. Include salary structure
and ownership shares in this section.

Directors/Advisors: Determine the form of the business and define who the board of
directors and outside advisory services are in the management of the business.

Staffing plan: Discuss management needed in the organization, how you will fill key
slots, hiring plans and the date positions will be filled. Also consider the ability to house
more employees for potential growth.

The next five areas that should be addressed in the management section are:

* Business organization
* Ownership

* Management duties

* Investment

* Competitive advantage
Business organization: Define your business organization.
Ownership: State the names of stockholders and shareholders.

Management duties: Discuss the managers or private firms who will handle the
management duties. Include internal control systems for accounting, inventory and
management information reporting systems.

Investment: Amount of money invested by the owners.

Competitive advantage: A successful business will tailor how their products and services
are being offered to meet the demands of their customers, giving the business a
competitive edge by using the management team’s experience and/or skills.

Market Analysis

Market analysis is needed for the products that will be produced by your company. While
biodiesel is probably the main product (and it is used as an example in the discussion that
follows) your company may also be selling glycerol and other byproducts. When you
consider market analysis you should ask yourself the following questions:

®* Who are the customers of biodiesel?

* What biodiesel products are they going to buy?

* Quantity of product needed at this time?

* What is the best approach to get the product or service to the customers?
® What are the future prospects for the business?
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The market section will answer questions and considerations like these by discussing the
marketing mix: Product/Service, Distribution channels, Price, and Promotion. This
section looks at the elements in the marketing mix in comparison to the industry and
more specifically, against your competition.

Who are the customers of biodiesel?
Determine and understand the preliminary biodiesel market area and identify potential
target markets.

What biodiesel products are they going to buy?
Gather information regarding the biodiesel market area and target markets.

Quantity of product needed at this time?
Analyze information to project sales.

What is the best approach to get the product or service to the customers?

Study data available from the industry. Pay particular attention to transportation. Plant
location relative to the feedstock and the major markets will be a major factor in the
selling price.

What are the future prospects for the business?
Set a business course.

The market analysis will help you answer these questions by analysis of these areas:
1. Focus on target markets

2. Discuss the demographics of potential customers and why they want your product
3. Look at the willingness of people to buy your product; and

4. Show that your business will be able to survive and grow

So let’s look at the points that should be included in your business’ market analysis
section.

Market Analysis - Customers

Customers: Identify customers and potential customers. Discuss demographic
information about customers such as age, sex, income, type of work and where they are
located. Determine the customer by targeting the market you are going after. This will

help focus your sales effort.

Let us now look at a method in identifying your customer called target market analysis,
which will help you understand your targeted market.
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Target Market & Analysis

According to Iowa Small Business Development Centers, a target market is the prime
user of current product and/or service that are similar to your business. In this case, the
target market is the user of diesel fuel.

Identify who the customers are. Your potential market is your future customers, also
referred to as targeted market.

There are three components of a target market analysis and they are:

* Use preliminary market data to identify potential target market

* Identify where the target market is located
— Geographic boundaries and/or characteristics

® Identify who the target market is
— Demographics and socioeconomic characteristics

Preliminary market information can come from a variety of sources; gather as much
information about the market as you can.

Pick or determine the geographic boundaries of your targeted market or customer.
Sometimes the geographical boundaries are formed by unique characteristics of the
targeted market you have determined to pursue.

After determining your target market, gather as much information about your market and
the customer as you can. All this information will help you decide how you are going to
capture the market.

An important concern for the biodiesel industry is whether the primary market is
individual consumers or organizations. This will be affected by the nature of any
government subsidies and mandates that may be in place. If the market has a major
consumer component, two additional items to consider in your target market analysis are:

e Ifhaving difficulties identifying the target market, look for variables in your
potential market.
e Variables include:
o Age, occupation, education
o Family Cycle (intergenerational use)
o Commercial, non-commercial, agriculture

Variables may offer some insight to who makes up the target market. Family life cycle
for example: If the wife is a customer will her husband be a customer too? Or if one
generation is a customer, will future generations (or other members) of that family be
loyal customers of yours too?
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Other variables may include modes of transportation used by the potential market,
competitors, and type of business customer (i.e. commercial or noncommercial).

If the market is composed mainly of organizations, the analysis should focus on the
potential from the following groups:
e Federal Government fleets that must meet EPACT requirements
e States that are pushing mandates for biodiesel
e School boards that are concerned about student exposure to diesel fumes as the
students wait in queues to either board buses or unload from buses
o (Cities with pollution concerns (biodiesel would have to have a proven NOx reducer
additive)
e Fleet operations that want a green fuel
e Underground mines that need to reduce particulate emissions

Market Area Analysis

When we talk about market area analysis we are talking about the following:

* Gather information regarding the market area and target markets
* Population figures for present and future

® Check Bureau of Census for information on age, income, sex, occupation and
education

* Identify the transient populations (if applicable)

For population figures for the present and future you may want to check past population
for a greater scope - look for increases and decreases to indicate booms or busts within
the specific area. Use census information and Web sites to find this information. Also
economic development in your area or the area where your market is found can be a great
resource for this information.

Market Analysis & Market Size and Trends

Market size and trends: Discuss market in current unit and dollar size. Include future
industry growth and trends. Support with documentation.

One of the most important areas to look at is market trends. Items we want to find out in
this area are:

e What economic trends affect the business?
o Information on economic trends will reflect where the industry is now
in relation to age, direction, and business cycle.
Positive trends versus negative trends
Information on economic trends (Regulatory trends)
Trends with competitive fuels or fuel technologies
Feedstock trends
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e Technology trends
e Government price supports

Information on economic trends will reflect where the industry is now in relation to age,
direction, and business cycle. Examples of trends include size, ages, areas, and increases
and decreases.

Size trends: Are customers buy larger quantities or smaller?

Ages trends: Is the target market younger than it was five years ago? Is teenage
spending down from a year ago?

Area trends: Is there more spending in downtown locations? Are rural agencies having
an increase in their contract cliental?

Positive economic trends need to be considered in relation to negative trends. Example:
Store A is a downtown store that sells a variety of clothing to teenagers and young adults.
An economic trend that downtown spending is down would be a negative trend for this
store. However, if teenage spending is up, this positive trend may outweigh the effects
from the negative trend of a decrease in downtown spending.

Economic trend information can be found in a variety of places for both general trends
for the country and industry specific trends. Sources for trend information include U.S.
Department of Commerce, Census Bureau Data Annual Survey, Current Industrial
Reports, and Trade Journals.

Regulatory trends can have a profound affect on the biodiesel industry. It can affect how
fast the industry can grow and climate in legislative bodies of the government toward
biodiesel and renewable fuels.

Trends with competitive fuels or fuel technologies will help you understand how
biodiesel fits in the market place with respect to other fuels and fuel technologies. These
trends can give you an insight to the financial viability of biodiesel production in your
area.

Feedstock trends will affect the cost structure of your business plan. Historical trends can
help identify the best feedstock to use in your specific case.

Technology trends need to be considered to determine future needs in the area of
biodiesel production and use. These trends will help identify new markets as technology
is developed for equipment and uses of biodiesel.

Market Analysis - Competition

Competition:

Identify the competition and where they are located. Discuss competitors' annual sales
volume, market share, strengths and weaknesses. Discuss key differences of your
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company and product compared to the competition and your product price compared to
the competitors' price.

Market Area Analysis

e Check for future community developments that could affect major changes

e Identify and understand competitors (biodiesel competors and other alternative
fuel or diesel fuel competitors)

e Determine how much is spent on product/service (diesel fuel) in the area through
retail locations or commercial distribution terminalsDetermine cost, selling price
and benefits of competitive products

This will help you identify what your customers have been buying or are going to buy,
and whom they are going to buy from.

Market Analysis - Estimated market share and sales

Estimated market share and sales:
Include projected unit and dollar sales and area of the sales territory.

Analyze Information to Project Sales

A few methods to use to determine projected sales are:

® (Calculate the average number of people per business in your area

® For more information, you may want to try a test market

® Survey your potential market

® Research trade and government publications on market size and distribution

Surveys give direct information from the potential target market for analysis. Test
markets and surveys will give you information on the current market position and on how
your product compares to the competition.

Market Analysis - Product distribution and sales

Product distribution and sales:

Discuss how this type of product is sold in the market place. Discuss distribution and
your plans compared to customary practices.

Analyze Information on product distribution and sales

To gain the necessary information on product distribution and sales, you can:

® Talk with similar businesses in other (but similar) communities about the market
area
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* Ask manufactures, suppliers, and distributors for their information about a
possible market in your area of interest

Analyzing information on projected sales will give you a better understanding of the
demand for your product/services. This will also help you to decide the quantity of
products needed at this point in time.

Market Analysis - Competitive Advantage

Competitive advantage: Discuss the competitive advantages of your company and
product compared to industry and competition.

Ask yourself these three questions to help you determine your competitive advantage:

* What makes your company unique?
®* What is it that draws customers to you instead of your competition?

* How do you plan to keep your competitive edge so customers continue buying
from your business?

These can be some of the hardest and most important questions to answer. These are the
same questions that the banker or lending institution will be asking. They will address
why you think the customers will purchase your product over the competition and
ultimately lead to your projected sales. You need a reason to set you above the
competition in your customer’s eyes.

Market Analysis - Analysis

Analysis: Analyze strengths and weaknesses of your product line and company versus
competitors' product line and company.

* Strengths versus weaknesses
® Your product line versus competitors product line

® Your company versus the competitors company
Be honest and try to be as objective as possible when comparing your company to that of
the competitor. Any weakness you point out should be addressed in your business plan,
as well as how you are going to improve them.

Market Planning Questions

SBDC of Towa suggests that you ask yourself these questions when writing your market
plan.

e s there a real customer need?

40



e Can you get a price that gives you good margins?

e s your company a credible source for the product?

e Does the Biodiesel product or service produce a clear benefit significantly better
than the competition?

e s there a cost effective way to get the message and product to the customer?

e How and where are you going to sell your Biodiesel product?

I will cover these specific points associated with the marketing section again by using a
different approach in the following slides to help you in writing your market plan and in
determining the answers to these questions.

Marketing Plan

In this section we will cover three main areas:

* Marketing goals and objectives
® Overall marketing strategy

— Catching your customers

— Capturing your customers
® Sales methods

— Advertising

— Ensure projected sales level

The Marketing Plan section of your business plan development show that you know how
and where to sell your product.

Marketing goals and objectives: What do you plan to do with the marketing effort? What
are sales forecast targets?

Overall marketing strategy: A key element to discuss is the market niches the company
will have. Discuss how customers will be identified and sold; pricing strategy-pricing
policy versus competition policy; service and warranty policies; how you will capture
customers from competitors; credit terms. Include goals and timetables.

Sales methods: Discuss advertising and promotion policy; sales force management; sales
staffing -manufacturing representatives or company sales force; sales area; distribution
and sales methods -factory direct, dealers or wholesalers; how the sales methods will
ensure projected sales levels are attained.

Three additional areas are:

® Test markets
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— Determine acceptance/demand for product
— Offered for a limited time

®* Marketing budget
— Allocation of money

* Key assumptions

Test markets: Provide results of completed test marketing or outline the plan to conduct
test marketing. Test market may be used to determine acceptance/demand by producing a
limited amount of product and/or offering services for a limited time. This will help you
determine the interest in your product and/or service and help you in identifying future
customers. A recent example of a test market is one done by Hershey’s Chocolate.
Hershey’s decided to conduct a market analysis on a possible new product buy using a
test market strategy. They offered two different types of Hershey’s Kisses, Dark Kisses
and Creamy Kisses, for an eight-week time period across the United States. Hershey’s is
now using the information gathered from their test market of dark chocolate and creamy
chocolate Hershey’s Kisses to determine if there is a market for these new products.

Marketing budget: Show the budget with dollars allocated for advertising, travel, sales
balances and commissions, promotional materials, trade shows, samples.

Key assumptions: Keeping up with changes and making plans for those changes.
Future Business Prospects

Once you address the current plans or state of your business markets, you should address
future prospects by asking the following question:

* s your target market the same tomorrow as yesterday, or even today?

After deciding on the answer, explore the following:

* Expanding target market

® Possible contracts
— Commitment to the market
— Renewals

Contracts lock in a select market for a certain time frame. Will your market renew those
contracts?

Continuing to talk about the future business prospects, you can identify market share and
its changes by looking at the following:

® Identify market share and its changes for your business
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— People in the area

— Dollars per person spent in the area
— Number of businesses in the area
— Square footage of local businesses
— Locations of business

These are things to keep in mind as time passes and things change. You want your
business to keep its competitive edge, so keep in mind what changes customers want and
what is changing with your competitors.

Now let’s look at market surveys:
— Conduct a survey
— Select type of survey
— Brief and specific
— State the point of the survey
— Give information on your business
— Find information on need of area market
— Pre-test and re-work

Know what is changing and what is happening with both your customers and
competitors. This can be done through surveys.

Select the type of survey (telephone, mail, and/or personal). Tell the people who you are
surveying: who you are, why you are doing the survey, the amount of time the survey
will take, and the value of the survey to you.

The last four areas to consider in determining your future business prospects are:

* Test markets
— Helpful in determining and understanding the changes to the market

* Stay abreast of local, state, and federal regulations
® Check insurance coverage

® Consider political, aesthetic, and ethical trends

Test markets can be helpful in determining the interest in a new service or product line.
Know changes in regulations so your business can continue. Stay updated with licenses,
patents, sales permits, labor laws, and copyrights so your business c